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Abstract

The influence of media components on the initiation of somatic embryogenesis in three genotypes of soybean
was investigated. The following genotypes were used: Iroquois, Macon, and Savoy. Media modifications included
sucrose concentration, type and concentration of auxin at two pH levels, and pH level independently. Immature
cotyledons were used as the source of explant. Cotyledons were placed on a medium containing MS salts, B5
vitamins, sucrose, and auxin. Gelrite (0.2%) was used as the solidifying agent. Sucrose concentrations of 1, 2,
3, 4.5, or 6% were used. The auxins used included 2,4-dichlorophenoxyacetic acid (2,4-D) and naphthaleneacetic
acid (NAA) with each at concentrations of 45.2, 90.4, 135.7, 180.9, and 226.2 µM. The pH of each the media
was adjusted to either 5.7 or 7.0 with 1 N NaOH. In an additional experiment, the effect of the two pH levels,
5.7 and 7.0, was investigated independently. Overall, the frequency of somatic embryogenesis significantly varied
among the different genotypes used in this study, with Iroquois showing the highest response. Frequency of somatic
embryogenesis also varied in response to the different treatments used, including sucrose and auxin. The highest
initiation (91.7%) and mean number of somatic embryos per responding explant (14.9) of Iroquois was observed
in a medium containing 2% sucrose. The highest initiation (97.1%) and mean number of somatic embryos per
responding explant (19.5) was observed in Iroquois on 135.7 µM 2,4-D and Savoy on 135.7 µM 2,4-D, respectively,
for the auxin by pH level experiment. No significant differences were observed among the two pH treatments
used.

Abbreviations: 2,4-D – 2,4-dichlorophenoxyacetic acid; NAA – naphthaleneacetic acid

Introduction

Soybean [Glycine max (L.) Merrill] has been re-
generated in vitro via both shoot organogenesis and
somatic embryogenesis. Regeneration via shoot or-
ganogenesis has been reported using several explant
sources such as the cotyledonary or primary leaf
nodes (Barwale et al., 1986; Kim et al., 1990) and
primary leaves of seedlings (Wright et al., 1987).
Regeneration via somatic embryogenesis has been
reported using immature cotyledons (Lippmann and
Lippmann, 1984; Lazzeri et al., 1985; Ranch et al.,
1985; Parrott et al., 1989). In vitro culture sys-

tems can be used along with various methods of ge-
netic manipulation and/or improvement which can uti-
lize either method of regeneration. One of the most
important systems that facilitate genetic engineering
and in vitro propagation of soybean is the somatic
embryo culture system (Samoylov, 1998). Embry-
ogenic suspension cultures of soybean have been suc-
cessfully used for particle bombardment (Finer and
McMullen, 1991; Parrott et al., 1994; Stewart et al.,
1996; Santarem and Finer, 1999). Yet, these suc-
cesses have been limited to those genotypes that are
amenable to embryogenic culture induction in tissue
culture.
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Proliferative embryogenic cultures provide suit-
able and convenient target tissues for genetic trans-
formation, although initiation and maintenance of
these cultures are time-consuming and labor-intensive
(Santarem et al., 1997). Induced somatic embryos de-
velop directly on the explant in a matter of a few
weeks, and then can be targeted for transformation us-
ing either Agrobacterium or the particle gun (Santarem
et al., 1997). Unfortunately, initiation of somatic em-
bryos in soybeans is inefficient (Santarem et al., 1997;
Simmonds and Donaldson, 2000; Meurer et al., 2001).
Recently, Tomlin et al. (2002) have reported that
somatic embryogenesis is positively associated with
lower maturity groups of soybean. Therefore, efforts
to study factors which influence somatic embryo initi-
ation are useful to enhance the efficiency of initiation
of somatic embryogenesis.

Various studies have reported on the influence of
factors such as auxin (Lazzeri et al., 1987, 1988;
Komatsuda and Ohyama, 1988), sucrose (Lazzeri
et al., 1987, 1988; Komatsuda et al., 1991), pH
(Lazzeri et al., 1987; Santarem et al., 1997), and
genotype (Komatsuda and Ohyama, 1988; Parrott
et al., 1989; Komatsuda et al., 1991; Tomlin et al.,
2002) on somatic embryogenesis in soybeans. As
new genotypes are released from breeding programs,
they are also being targeted for genetic manipula-
tion/engineering efforts. Thus, developing an in vitro
regeneration system is a prerequisite for such manip-
ulations. In the present study, the influence of media
variables, including sucrose concentration, pH level,
and auxin type and concentration on initiation of so-
matic embryos in three new genotypes of soybean has
been investigated.

Materials and methods

Plant material

Seedlings of the following three soybean genotypes,
Iroquois, Macon, and Savoy, were grown in the green-
house at 26 ± 1 ◦C. Immature pods containing coty-
ledons of 3–6 mm in length were collected, surface-
sterilized in 1.1% sodium hypochlorite solution (20%
clorox� commercial bleach) containing 3–4 drops of
Tween-20 for 25 min, and rinsed three times with
sterilized-deionized water. Immature cotyledons were
excised, and embryonic axes were removed according
to Lazzeri et al. (1985).

Culture conditions and basal medium

Cotyledons were placed with the adaxial surface ori-
ented upward on approximately 35 ml of solidified
medium in 15 × 120-mm petri dishes. Cultures were
incubated under a 23-h photoperiod provided by 40 W
cool-white fluorescent tubes illuminating 40–60 µmol
m−2 s−1 light intensity at 25 ± 1 ◦C for 4 weeks in
a controlled environment. The basal culture medium
consisted of MS salts (Murashige and Skoog, 1962),
B5 vitamins (Gamborg et al., 1968), 3% sucrose,
180.9 µM 2,4-D, and solidified with 0.2% gelrite.
Prior to autoclaving, the pH level was adjusted to 7.0
with 1 N NaOH.

Influence of various medium components
and pH on somatic embryogenesis

To determine the influence of sucrose concentration,
explants were incubated on the basal medium, except
for sucrose whereby the following five concentrations
were used instead, including 1.0, 2.0, 3.0, 4.5, and
6.0%.

To investigate the effect of the pH of the medium,
explants were incubated on the basal medium, but the
pH level was adjusted to either 5.7 or 7.0 with 1.0 N
NaOH.

To determine the influence of auxin type and
concentration, explants were incubated on the basal
medium, but containing either 2,4-D or NAA, each
supplemented at five concentrations (45.2, 90.4, 135.7,
180.9, and 226.2 µM). The pH was adjusted to either
5.7 or 7.0 with 1 N NaOH.

Experimental design and data analysis

All experiments were set-up in a randomized complete
block design with the date of culture representing a
single block. A total of six culture dates were used. For
all treatments, one petri dish per treatment per geno-
type per day was used with each petri dish containing
eight to 12 cotyledon-halves. At least five plates per
treatment per genotype were used.

Plates were scored for number of explants initi-
ating somatic embryos and for number of somatic
embryos per responding explant after 4 weeks of cul-
ture. Data were analyzed using SAS General Linear
Model (GLM) and means were compared using least
significant difference (LSD) procedures (SAS Institute
Inc., Cary, NC).
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Table 1. Influence of sucrose concentration on percent initiation of somatic embryos and number of somatic embryos per responding explant

% Immature cotyledons initiating No. somatic embryos/responding

somatic embryos explant

Sucrose (mean ± SD) (mean ± SD)
concentration (%)

Genotype Genotype

Iroquois Macon Savoy Iroquois Macon Savoy

1.0 81.9 ± 6.3 47.2 ± 8.7 15.0 ± 22.4 8.2 ± 2.8 3.9 ± 3.1 1.4 ± 2.2

2.0 91.7 ± 7.5 63.9 ± 27.7 54.2 ± 22.3 15.0 ± 7.8 6.5 ±1.8 5.3 ± 2.5

3.0 86.0 ± 22.4 77.1 ± 15.8 47.2 ± 27.7 13.3 ± 5.4 11.3 ± 4.5 6.2 ± 5.0

4.5 75.0 ± 22.4 55.0 ± 26.8 36.1 ± 12.6 10.4 ± 4.7 6.4 ±1.8 10.3 ± 6.2

6.0 50.0 ± 19.0 40.4 ± 22.7 27.8 ± 13.6 5.7 ± 2.9 3.4 ±2.0 7.9 ± 3.2

For each sucrose concentration treatment, one petri dish per treatment per genotype was used with each petri dish containing eight to twelve
cotyledon-halves. At least five plates per treatment per genotype were used.

Results and discussion

Influence of sucrose concentration on initiation of
somatic embryogenesis

Somatic embryos were initiated in all three genotypes
at all five sucrose concentrations with the lowest initi-
ation frequency (15%) observed at 1% sucrose for the
genotype Savoy (Table 1). Overall, percent somatic
embryo initiation for all three genotypes was above
50% depending on the sucrose concentration used,
with both Iroquois and Macon responding above 75%
at 2 and 3% sucrose, respectively (Table 1). Barwale
et al. (1986) reported the highest frequency of embryo-
genesis (65%) with genotype Williams 82. In a study
conducted by Parrot et al. (1989), the highest percent
of cotyledons forming somatic embryos was 76% in
genotype Century. In a later study by Parrott et al.
(1993), initiation frequencies among genotypes tested
ranged from 46% for PI 417138 to 94% for Centen-
nial. In the present study, over all concentrations of
sucrose and all three genotypes, percent initiation
of somatic embryogenesis ranged from 15 to 92%
(Table 1).

Cultures initiated on lower sucrose concentrations
(1 and 2%) tended to produce higher amounts of fri-
able callus than elevated concentrations of sucrose
(4.5 and 6%). Highly significant (p < 0.0001) ef-
fects for percent initiation of somatic embryogenesis
were observed for both genotype and sucrose concen-
tration. There was no genotype × sucrose interaction
for percent initiation of embryogenesis. Previous stud-
ies reported similar findings with genotype, sucrose
concentration, and genotype × sucrose concentration

all highly significant (Komatsuda et al., 1991). In the
present study, all three genotypes exhibited the highest
percent initiation at 2 and 3% sucrose (Table 1). Both
Lippmann and Lippmann (1984) and Lazzeri et al.
(1988) reported similar results to those obtained in
this study with Iroquois and Macon, whereby lower
sucrose concentrations produced the highest percent
initiation of embryogenesis. Lazzeri et al. (1987)
reported an increase in the efficiency of embryogen-
esis as the sugar concentration decreased from 12 to
1.5%, with 3% sucrose producing the highest fre-
quency in genotype J103. Lippmann and Lippmann
(1984) did not observe embryogenesis with sucrose
concentrations above 2% in genotype Maple Arrow.
The highest percent initiation was observed at 2%
sucrose in Iroquois (Table 1). This treatment resulted
in 92% initiation.

Highly significant effects for mean number of so-
matic embryos per responding explant were observed
for genotype (p < 0.0048), sucrose concentration
(p < 0.0001), and genotype × sucrose interaction
(p < 0.002). Overall concentrations of sucrose and
all genotypes, mean number of somatic embryos per
responding explant ranged from 1.43 to 14.95 (Table
1). Iroquois and Macon had the highest number of
somatic embryos per responding explant at 2 and 3%
sucrose; whereas the highest response for Savoy was
observed at 4.5 and 6% sucrose (Table 1). The mean
number of somatic embryos per responding explant
for both Iroquois and Macon increased as the sucrose
concentration in the medium increased from 1 to 3%
sucrose, but then decreased as sucrose concentration
increase further (4.5–6.0%). Lazzeri et al. (1987)
also reported a decrease in mean number of somatic
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embryos per responding cotyledon as the sucrose con-
centration increased from 1.5 to 12% for soybean
genotype J103. Komatsuda et al. (1991) obtained high
numbers of somatic embryos on two low sucrose con-
centrations (0.5 and 1%) for 16 soybean genotypes.
This was in agreement to the results obtained in this
study for Iroquois and Macon, whereby the lower
concentrations (2 and 3%) of sucrose used produced
higher numbers of somatic embryos (Table 1). In the
present study, the lowest sucrose concentration (1%)
responded similarly to the higher concentrations (4.5
and 6.0%) (Table 1). The highest mean number of
somatic embryos per responding explant (14.95) was
observed at 2% sucrose in Iroquois (Table 1).

Influence of medium pH level on initiation of somatic
embryogenesis

Somatic embryos were induced in all three geno-
types at both pH 5.7 and 7.0. Significant effects for
percent initiation of embryogenesis was observed for
genotypes, with Iroquois showing the highest percent
initiation (80%) at pH 7.0 (Table 2). The effect of
pH was not significant for percent initiation of so-
matic embryogenesis. Moreover, significant effects
were observed for mean number of somatic embryos
per responding explant. Studies involving somatic em-
bryogenesis of soybean have reported the use of a
pH range of 5.7–5.9 (Lazzeri et al., 1987; Hartweck
et al., 1988; Shoemaker et al., 1991) and pH 7.0
(Bailey et al., 1993; Li and Grabau, 1996). Previous
studies observed differences among pH levels with
pH 7.0 producing the highest frequency of initiation
with genotypes Jack, Thorne, and Resnik (Santarem
et al., 1997). Santarem et al. (1997) reported an av-
erage of 44.2 embryos per explant in cv. Jack, while
the other genotypes produced a maximum of 13 em-
bryos per explant. In the present study, the highest
production was 9.6 embryos per explant at pH 5.7 in
genotype Iroquois (Table 2). Lazzeri et al. (1987) re-
ported no differences in frequency of embryogenesis
for pH levels ranging between 5.0 and 7.0. This was
similar to results obtained in this study.

It has been suggested that the effect of pH on so-
matic embryo initiation may be related to auxin uptake
in cultured explants, and that a pH of 7.0 may facilitate
slower and more gradual uptake of 2,4-D at relatively
high levels (Santarem et al., 1997). Edwards and Gold-
smith (1980) have reported increased auxin uptake
in maize coleoptiles with decreasing pH. Davies and
Rubery (1978) also have found that auxin uptake in-

creased as the external pH is lowered in stem segments
of Pisum sativum L. Perhaps, exogenous 2,4-D levels
in the soybean culture medium used in this study are
very high, and as a result by lowering the pH level
from 7.0 to 5.7, there is no significant influence on
auxin uptake.

Influence of auxin type and concentration at two pH
levels

Somatic embryos were initiated in all three geno-
types in the presence of both auxins (2,4-D and NAA)
at all concentrations and pH levels used. However,
varying responses were observed among the different
treatments. Somatic embryos were not induced on me-
dia lacking either 2,4-D or NAA. Significant effects
for concentration, auxin × concentration, genotype
× auxin, and genotype × concentration two-way in-
teractions, and genotype × auxin × concentration
three-way interaction were observed for percent ini-
tiation (data not shown). Shoemaker et al. (1991) re-
ported embryogenic response reached optimum levels
when 2,4-D concentrations ranged from 38 to 132
µM. In the present study, the highest percent initi-
ation across the three genotypes was observed with
90.4 µM 2,4-D which was the mean for the range
of 2,4-D concentrations reported by Shoemaker et al.
(1991). NAA produced a slightly higher average per-
cent initiation (84.8%) than 2,4-D (82.2%), whereas
other studies observed the highest percent initiation
with 2,4-D (Lippmann and Lippmann, 1984; Barwale
et al., 1986). For genotype × auxin × concentra-
tion effects, the highest percent initiation (97%) was
observed in Iroquois on a medium containing 135.7
µM 2,4-D (Table 3). This is in agreement with previ-
ous studies where it has been reported that 2,4-D was
highly potent for somatic embryogenesis in soybean
(Lazzeri et al., 1987).

Significant effects for auxin, concentration, auxin
× concentration, and genotype × auxin two-way in-
teractions were observed for mean number of somatic
embryos per responding explant (data not shown). In
addition, a significant three-way interaction for gen-
otype × auxin × concentration was also observed
for mean number of somatic embryos per respond-
ing explant. The mean number of somatic embryos
per responding explant showed the highest response,
19.5 somatic embryos per explant, at 135.7 µM 2,4-D

in Savoy (Table 3). Shoemaker et al. (1991) repor-
ted mean number of somatic embryos per explant
reached optimum levels when 2,4-D concentrations
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Table 2. Influence of pH level on initiation of somatic embryos and number of somatic embryos per responding explant

% Immature cotyledons initiating No. somatic embryos/responding

somatic embryos explant

(mean ± SD) (mean ± SD)

pH Genotype Genotype

Iroquois Macon Savoy Iroquois Macon Savoy

5.7 79.2 ± 13.7 54.7 ± 22.0 56.7 ± 17.3 9.6 ± 3.2 7.2 ± 2.3 6.5 ± 3.5

7.0 80.3 ± 12.3 57.2 ± 19.8 44.4 ± 27.2 8.0 ± 2.3 6.2 ± 2.3 7.6 ± 5.3

For each pH treatment, one petri dish per treatment per genotype was used with each petri dish containing eight to twelve cotyledon-halves.
At least five plates per treatment per genotype were used.

Table 3. Effect of auxin type and concentration on initation of somatic embryos and number of somatic embryos per responding explant

% Immature cotyledons initiating No. somatic embryos/responding

somatic embryos explant

Auxin Conc. (mean ± SD) (mean ± SD)
(µM)

Genotype Genotype

Iroquois Macon Savoy Iroquois Macon Savoy

2,4-D 45.2 88.3 ± 10.5 75.5 ± 21.3 80.8 ± 16.2 9.2 ± 4.1 5.0 ± 1.0 7.5 ± 3.4

90.4 94.0 ± 12.4 92.4 ± 12.4 84.8 ± 15.2 13.8 ± 5.7 10.1 ± 5.7 14.7 ± 7.5

135.7 97.1 ± 5.3 85.8 ± 13.9 75.0 ± 24.7 16.4 ± 5.2 14.4 ± 5.0 19.5 ± 9.4

180.9 90.0 ± 6.9 79.5 ± 19.2 75.5 ± 24.6 17.2 ± 5.7 15.9 ± 6.0 14.4 ± 8.7

226.2 89.0 ± 9.7 81.3 ± 11.8 43.3 ± 24.3 14.3 ± 5.1 14.3 ± 8.3 6.7 ± 3.4

NAA 45.2 64.6 ± 22.9 72.3 ± 25.6 70.0 ± 22.1 2.9 ± 1.2 2.3 ± 0.7 2.7 ± 0.9

90.4 82.9 ± 9.9 84.1 ± 13.9 85.5 ± 13.7 4.3 ± 1.3 2.9 ± 1.1 4.0 ± 1.3

135.7 90.2 ± 9.1 90.6 ± 8.4 91.7 ± 11.2 4.6 ± 1.6 4.1 ± 1.5 4.3 ± 1.1

180.9 85.4 ± 8.8 94.4 ± 7.5 87.5 ± 7.5 5.3 ± 2.1 4.0 ± 0.9 4.6 ± 0.8

226.2 91.3 ± 9.5 87.2 ± 12.9 92.5 ± 6.2 5.6 ± 2.3 4.3 ± 1.5 4.8 ± 1.3

For each auxin type and concentration treatment, one petri dish per treatment per genotype was used with each petri dish containing eight to
twelve cotyledon-halves. At least five plates per treatment per genotype were used.
For percent initiation of somatic embryos, significant differences were observed for date of culture initiation (p < 0.001; df= 5; F = 5.53)
and auxin concentration (p < 0.0001; df=4; F = 10.08). Significant two-way interactions were observed for date of culture initiation ×
genotype (p < 0.0001; df=10; F = 3.76), auxin type × auxin concentration (p < 0.0001; df = 4; F = 13.32), genotype × auxin type
(p < 0.0001; df= 2; F = 18.24), and genotype × auxin concentration (p < 0.01; df= 8; F = 2.35). Moreover, a significant genotype ×
auxin × auxin concentration (p < 0.001; df= 8; F = 3.25) was also observed.
For number of somatic embryos per explant, significant differences were observed for date of culture initiation (p < 0.0001; df= 5; F =
9.06), auxin type (p < 0.0001; df =1; F = 388.52), and auxin concentration (p < 0.0001; df =4; F = 19.63). Significant two-way
interaction for genotype × date of culture initiation (p < 0.01; df=10; F = 2.51) and genotype × auxin concentration (p < 0.01; df =
8; F = 2.73) were observed. Moreover, a significant three-way interaction for genotype × auxin × auxin concentration (p < 0.01; df =8;
F = 2.42) was also observed.

ranged from 58 to 132 µM across all genotypes used.
In the present study, when NAA was used for somatic
embryo initiation instead of 2,4-D, the highest mean
number of somatic embryos per responding explant
was 5.63 at a concentration of 226.2 µM (42.1 mg
l−1) in Iroquois. Lazzeri et al. (1988) reported that
the highest number of somatic embryos (4.48) was
observed with 12.5 mg l−1 NAA. Overall, the mean

number of embryos produced on 2,4-D (12.94) was
significantly higher (p < 0.0001, Table 3) than that
produced on NAA (4.03).

Again in this experiment, no significant differences
between the two pH levels for percent somatic em-
bryogenesis are observed. This concurs with results
obtained in the above experiment. Previous reports in-
dicate that pH levels influence uptake of auxin (Davies
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and Rubery, 1978; Edwards and Goldsmith, 1980;
Santarem et al., 1997). In this study, the lack of pH
influence on frequency of embryogenesis may be due
to the genotypes used or to changes in pH levels of
media following autoclaving. Although, the pH levels
have not been measured following autoclaving, it is
expected that these changes are likely to be relatively
similar across the two pH treatments used.

It is noteworthy to indicate that auxin type used
in the medium influenced culture morphology. So-
matic embryos induced on 2,4-D were friable, trans-
lucent, yellowish-green in color, and globular to
torpedo in shape. Somatic embryos induced on NAA
were compact, opaque, pale-green in color, with an
advanced morphology, forming cotyledon-like struc-
tures. Lazzeri et al. (1987) observed the same response
and described somatic embryos initiated on NAA as
having normal embryo morphology and development
of adventitious roots. In the present study, adventi-
tious roots were also observed on explants incubated
on NAA, while no roots were observed on explants
incubated on 2,4-D. Overall, explants incubated on
2,4-D produced higher amounts of friable callus than
explants incubated on NAA. NAA produced most of
the callus along the cut edges of the cotyledon, while
2,4-D generally produced callus over the entire surface
of the cotyledon.

As somatic embryos initiated on NAA are more
advanced in embryo morphology, they are not suitable
for use in establishing repetitive suspension cultures.
Liu et al. (1992) have reported that somatic embryos
incubated in a medium containing NAA do not prolif-
erate in suspension culture as well as those produced
on a semi-solid medium containing 2,4-D.

Conclusions

In this study, a reliable system for establishing pro-
liferative embryogenic cultures from three new gen-
otypes of soybean was established by identifying
optimal parameters for induction of somatic embryo-
genesis. Among the various parameters investigated,
levels of sucrose and auxin in the culture medium
were the most important, and they were significantly
influenced by the soybean genotype used. This prolif-
erative embryogenic culture system will be highly use-
ful for developing effective transformation systems for
these genotypes of soybean in order to improve such
economic traits as disease and pest resistance, nema-
tode resistance, or seed protein and/or oil content.
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